High-pressure mélange zones typically consist of blocks of metamorphosed fragments of oceanic crust embedded in a schistose matrix. The blocks are cm to hundreds of metres in diameter and are metamorphosed sections of the subducted igneous crust (gabbro, basalt or "plagiogranite"), sediments (chert, limestone, pelite or other clastic sediments) or fragments of the mantle (peridotite, serpentinite). The blocks best record their P-T histories and their metamorphic overprint at blueschist-to eclogite-facies conditions. They occur as metagabbro, eclogite, glaucophane schist, meta-plagiogranite, serpentinite, marbles or garnet-mica schists in the field, and are typically the focus of petrologic work in high-P terrains [e.g. 1, 2, 3, 4].
Typical field conditions of the high-pressure mélange of the Rio San Juan Complex (RSJC, Dominican Republic): (a) hill slope cleared from forest to make way for a horse range. Blocks of serpentinite, garnet-glaucophane schist and jadeitite are readily exposed, while the mélange matrix is more deeply eroded and covered by soil and vegetation. (b) River beds in the RSJC provide ample access to a range of rock types found in the mélange, but the accumulation is strongly biased toward mechanically tough rocks, such as eclogites, garnet-glaucophane rocks and jadeitites. Blocks of chlorite schist and serpentinite are also commonly found in the river beds, but their frequency does not represent their proportion in the mélange zone. (c and d) Exposed chlorite schist matrix of the mélange. In places where roads or trails cause ongoing erosion of the steeper parts of the terrain, the mélange matrix is exposed. In most places it is strongly dominated by chlorite schist. Thicknesses of up to 100 m of this type of chlorite schist are exposed in the RSJC. Serpentinite forms lenses or blocks and is found in contact to the chlorite schist matrix in many places. Serpentinite is found as large, coherent lenses, but also as smaller, foliated layers in the matrix. The mélange matrix is more deeply eroded and difficult to map. (b) The largest eclogite blocks on Syros stand ∼ 20 m tall, and most petrologic and geochemical research has focused on the blocks rather than the matrix of the mélange. (c) The majority of blocks on Syros comprise rinds composed of near mono-mineralic glaucophanite (Gln) or actinolite-talc blackwalls, which are in turn enclosed in chlorite schist (Chl). Thicknesses of the preserved chlorite schist are typically in the range of 0.1 to 1 m. (d) In some places, larger stretches of the mélange matrix are exposed, showing a strongly foliated chlorite schist (±talc) with partially digested metabasite blocks and thin layers of serpentinite. Thicknesses of up to 150 m of this type of chlorite schist are exposed on Syros.
The matrix of many mélanges contains a significant proportion of low-density, schistose, ultramafic materials. In most cases, however, the mélange matrix has not been described in detail and has not received significant attention. This is due to a number of reasons: (i) metaigenous and metasedimentary blocks typically provide mineral assemblages that are highly sensitive to changes in P and T and are of great interest to petrologists. The schistose matrix, in contrast, typically contains a high-variance mineral assemblage that is stable over a wide P-T range and does not provide evidence for reconstruction of the tectonic history of the high-P units. (ii) The chemical and isotopic composition of the metaigneous blocks provide clues to the geodynamic setting of the generation of their igneous precursors. It also provides evidence for trace-element and isotope fractionation during subduction zone dehydration processes. The mélange matrix, in contrast, has a history of multi-stage mechanical and metasomatic mixing, and is as such of little value to classical geochemistry. (iii) The matrix is typically composed of soft, schistose rocks that are prone to weathering and erosion. The matrix is typically covered by soil and vegetation and is hidden in depressions between the harder, rigid blocks that protrude the landscape ( Fig. 1, 2 ). It is therefore very difficult to identify the composition of the matrix or map larger areas of it. Riverbeds typically provide a wide selection of the blocks that occur in a mélange ( Fig. 1b ), but they provide very little material of the schistose matrix. (iv) During exhumation, the schistose matrix may be mechanically separated from the blocks, producing outcrops with an overrepresentation of blocks. Evidence for such a process comes from structural and geochemical investigation (e.g., Syros, Tian Shan [5, 6] ).
In a number of high-P mélange zones, the mélange matrix has been tentatively mapped as serpentinite (Syros: [7] ; Rio San Juan Complex: [8] ), and serpentinite can indeed be found in these mélanges. Serpentinite commonly occurs, however, as coherent blocks that are exposed on the surface or found as blocks in river beds, equivalent to the metaigneous and metasedimentary blocks. The schistose matrix may also contain sheared serpentinite, but it is commonly mixed with talc and chlorite. Some places, such as Catalina Island, show hardly any serpentine in the matrix, but consist of chlorite schists and chloritetalc schists, and were mapped as "aluminous matrix" [9] . On Syros Island (Greece), the mélange matrix consists of chlorite schist and chlorite-talc schist throughout large parts of the mélange zones (Fig. 2d ), and stretches of ∼ 150 m across the foliation of chlorite schist are exposed (our own field work).
In the Rio San Juan Complex (Dominican Republic), most of the matrix is obscured by soil and vegetation ( Fig. 1a ). However, the matrix is exposed in some places, where fresh road cuts or land slides removed that cover, or where cow trails cause constant erosion of the soil (Fig. 1c,d ). In many of these places, the exposed schistose rocks are not serpentinite as previously mapped, but they are chlorite schists. During our field work, we discovered continuous outcrop of chlorite schist with thicknesses (perpendicular to the foliation) of between 20 and 100 m. In many places, tropical weathering has degraded the matrix rocks into thick mud. In those areas it is still possible to infer the mineralogy of the matrix from the colour of the mud: serpentinite produces mud of a reddish-brown colour, while mud produced from chlorite schist is pale green (Fig. 3 ). Clearly, more fieldwork in mélange zones is needed with a focus on mapping the matrix of the mélange zones. Maps often tentatively label the matrix as serpentinite (Syros [7] ; Rio San Juan Complex [8] ), where large sections are really chlorite schist. Other workers labeled the matrix as "mafic-ultramafic" or "variably silicated and hydrated ultramafic rocks" (e.g., Gee Point, Washington [10] ) without a more specific description of the mineralogy. The occurrence of chlorite in the mélange matrix may also lead to the erroneous interpretation of the matrix as retrograde or greenschist facies. In some mélange zones, however, the matrix is actually mapped as chlorite schist or chlorit-talc schist (Port Macquarie, Australia [11] ; Sistan Suture Zone, Iran [12] ; Pam Peninsula, New Caledonia [13] ).
Mixing mechanisms in high-P mélanges
The margins of the blocks and the contacts between crustal blocks and the low-silica, Mg-rich matrix are typically covered by cm to metre-thick layers of hydrous mineral assemblages, such as chlorite schists, amphibole-rich assemblages or talc schist (Fig. 2c) . These contact zones have been termed "blackwalls" and they provide insight into the initial stages of homogenisation in mélange zones [10, 14, 15, 16, 17] . Progressive shearing, fluid flux and diffusional exchange between blocks and matrix increases the thickness of these blackwalls and finally leads to the complete digestion of the individual blocks and to the homogenisation of the mélange zone ( Fig. 4) . Field studies have revealed three different mechanisms of mixing that leads to the formation of hybrid rock types:
Mechanical mixing. The interface between the slab and the overriding plate in the fore-arc represents a very large-scale shear zone reaching dozens of kilometres from the surface to the depth of full slab-mantle coupling with shear rates of several cm/year and continuous activity over up to tens of millions of years [18] . Extensive and complex isoclinal folding, intense fabric formation (foliation and lineation), and common development of faults in the majority of exposed high-P rocks all bear witness to the dynamic environment near the surface of subducting slabs. The structure of high-P mélanges with blocks of eclogite, glaucophane schist, metagabbro and metasediment embedded in a schistose mafic-ultramafic matrix demonstrates mechanical mixing on scales from cm to kilometres [9, 10, 17, 19, 20, 21, 22] .
Advective mixing (metasomatism). Fluids and melts released from any rock volume within the subducting slab will inevitably pass through the slab-mantle interface, as they migrate upwards into the overlying mantle. Petrologic, structural, and geochemical studies employing major and trace elements, as well as stable isotopes have demonstrated that the matrix of high-P mélanges was, in many cases, subjected to strong fluid flux [23, 22, 24] . In some cases, new rock formed in veins or fluid-filled cracks that crosscut preexisting structures [25] . Migmatites and pegmatitic and trondjhemitic dykes crosscutting blocks and matrix in mélange zones are evidence for melt metasomatism [3, 26] .
Diffusive mixing. Solid-state diffusion is not a process that will have an impact on element distribution in high-P mélanges on a larger scale, due to the relatively low temperatures that prevail at the slab-mantle interface. Yet, the fluid-saturated environment enables the diffusion of components along the grainboundary network in silicate rocks, and the strong chemical gradients that are produced by the close juxtaposition of crustal rocks with the ultramafic mantle provide a strong driving force for diffusional exchange [27, 28] metres in high-P mélanges, affecting the bulk chemical and isotopic composition of the rocks [28] . The significance of diffusion in the interpretation of geochemical signals has been discussed in detail for Li isotopes [16, 29] . [31, 32, 28, 33] , Catalina [14, 34] , Franciscan [35] , Samana peninsula (Dom. Rep.) [35] , Pouébo mélange (New Caledonia) [13] , Hochwarth (Alps) [36] , Maksyutov complex (Urals) [37] , Shuksan suite (Cascades) [ [28, 31, 32, 33] , Catalina [14, 34] , Pouébo mélange (New Caledonia) [13] , Motagua zone (Guatemala): G. Harlow pers. comm. Mineral compositions of chlorite, talc and jadeite are also plotted.
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